
Abstract Collections of fish assemblages from streams
in the midwestern United States were used to examine
assemblage-level effects of spatial variation in relative
abundance of the red shiner, Cyprinella lutrensis, a wide-
spread and highly abundant minnow species. This spe-
cies has been widely introduced outside its native range
and is suspected to have impacted local assemblages
where it has become established. Given its overall domi-
nance of midwest fish assemblages, and its suspected
impact on assemblage structure, we asked if structure of
the residual fish assemblages (red shiners excluded) was
a function of the relative abundance of red shiners
throughout the native range of C. lutrensis in the USA.
Although red shiner ranked first in abundance in half of
the assemblages and numerically dominated 28% of the
assemblages, red shiner relative abundance in an assem-
blage had no detectable effect on richness, diversity,
evenness, or complexity of other (residual) species in the
assemblage. Relative abundance of red shiners did have
a positive effect on the abundance of benthic minnows in
the residual assemblage, but not on water column min-
nows that are ecologically most like red shiners. Envi-
ronmental factors did not explain a significant amount of
the variation in relative abundance of red shiners, but did
explain some variation in residual assemblage structure.
Although widespread and numerically dominant at many
localities, red shiners do not appear to have a strong im-
pact on local fish assemblage structure within their na-
tive range. This is in sharp contrast to the reported nega-

tive effects of red shiners on fish assemblages where
they have been introduced outside their native range.
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Introduction

Numerically dominant species have long been assumed
to impact communities at least in proportion to their
abundance (an assumption implicit in keystone theory:
Power et al. 1996), and there are numerous examples of
highly abundant species impacting assemblage structure
or ecosystem function, particularly in roles as dominant
competitors (Connell 1961; Paine 1974) or ecosystem
engineers (Power et al. 1985; Flecker 1996). Recent
studies, however, suggest that the impact of a given spe-
cies on assemblage structure or ecosystem processes
may be more a function of species identity, community
composition, or membership of that species in a 
functional group (Symstad et al. 1998). Alternatively,
numerically dominant species may have no effect on as-
semblage properties (e.g., Evans 1989), particularly if
the assemblage includes ecologically redundant species
(Walker 1992).

Studies addressing the role of a given species in an
assemblage or ecosystem typically assay the change in
some property of the study system in response to experi-
mental manipulation of abundance of that species (e.g.,
Paine 1974; Evans 1989; Symstad et al. 1998). Such
studies have been valuable in identifying effects of indi-
vidual species in a system. Among assemblages where a
given species tends to dominate numerically, but is vari-
ably abundant, studies of assemblage structure over a
broad spatial scale can address the more general role of
numerically dominant species in communities.

The red shiner, Cyprinella lutrensis (Family Cyprin-
idae), is a widespread and abundant minnow in streams
of the Great Plains of the USA (Matthews 1980, 1985).
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Its native range extends from South Dakota to Mexico,
and from slightly east of the Mississippi River to the
Trans-Pecos in Texas and New Mexico (Matthews
1980). C. lutrensis is considered a “widespread general-
ist” (Matthews 1985): it tolerates extreme temperatures
(Matthews and Hill 1979; Matthews and Maness 1979)
and low oxygen (Cavin 1971; Matthews 1987), and is an
opportunistic insectivore-omnivore (Greger and Deacon
1988; Jennings and Saiki 1990; Cross and Collins 1995).
Within its native range, it occurs in a wide variety of
habitats (Matthews and Hill 1980; Mayden 1989; Cross
and Collins 1995), and is often the most abundant spe-
cies where it occurs (Matthews 1980).

Red shiners have been introduced extensively outside
their native range (Hubbs 1954; Minckley and Deacon
1968; Minckley 1973; Deacon 1988; Jennings and Saiki
1990). They have become numerically dominant in many
streams of the American west (Hubbs 1954; Minckley
1991; Ruppert et al. 1993; Gido et al. 1997), where they
are suspected to have severely impacted native species or
assemblages (Greger and Deacon 1988; Ruppert et al.
1993; Douglas et al. 1994). In Illinois, the range of red
shiners has expanded eastward since 1908 (Page and
Smith 1970) and expanding populations have hybridized
with, and gradually supplanted or displaced native min-
nows (Burr and Page 1986).

Given its wide distribution, high abundance, and sus-
pected impact on assemblages, C. lutrensis is a model or-
ganism to investigate assemblage-level effects of spatial
variation in abundance of a potentially dominant species.
In the present study, we address spatial variation in abun-
dance of C. lutrensis over much of the native range, us-
ing a large series of standardized, time-delimited collec-
tions of fish assemblages throughout the midwest. We in-
vestigate patterns of relative abundance of C. lutrensis,
and its relationship to the structure of the assemblages in
which C. lutrensis occurs. We examine spatial pattern,
environmental factors associated with variation, and the
extent to which variation in red shiner numerical domi-
nance explains spatial variation in structure among fish
assemblages. In this context, we tested the specific hy-
pothesis that residual assemblages at sites dominated by
red shiners would have a fundamentally different struc-
ture than residual assemblages where red shiners were
present in low numbers.

Materials and methods

Fish assemblages within the range of C. lutrensis (Matthews 1980)
were sampled at 65 sites in the midwestern United States, from
Nebraska and Iowa to south Texas. Red shiners were present at 50
of these sites (Fig. 1), and we restrict our analyses of red shiner
abundance to those 50 sites, in order to assess correlates and con-
sequences of red shiner abundance at sites where they are known
to occur. Sites included in this study were distributed among 11
major river basins (Burr and Page 1986; Conner and Suttkus 1986;
Cross et al. 1986) in five states, spanning 12.05 decimal-degrees
of latitude and 11.42 decimal-degrees of longitude. Sites ranged 
in size from small pasture streams 3 m wide, to shallow, sandy-
bottomed rivers as wide as 200 m, and varied in substrate, canopy,

depth, and current (Appendix), and overall habitat complexity (as
described below).

All samples were taken by us using seines (4.8-mm mesh; up
to 4.57 m long) between 2 June and 5 July 1995. At each site, all
detectably distinctive microhabitats in the stream reach were in-
tensively sampled in an effort to (1) capture as many species as
possible and (2) capture species in proportion to their true abun-
dance (Matthews 1985). Sampling at a site continued until all ob-
vious microhabitats had been thoroughly sampled, and no addi-
tional species were captured in numerous repeated seine hauls.
Sites differed in size and complexity (as defined below) and our
sample effort was greater in more complex habitats as required to
meet our goals. Actual collection times varied among sites from
14 min at a structurally simple 30-m reach, to 79 min at a site
where 120 m of stream was sampled and habitat was complex.
Length of reach sampled varied from 25 to 300 m (mode 100 m,
mean 107.1 m). Number of species captured at a site was not relat-
ed to reach sampled by linear regression (P>0.05), but was related
to time spent collecting (P<0.002) as expected from our sampling
protocol. Number of species captured was also not related to total
individuals captured at a site (with or without red shiners included
in the analysis), suggesting that although our effort varied accord-
ing to site characteristics, effort at a given site allowed us to detect
most species present at that site at the time of our collections.

Because we were interested in the effects of red shiners on the
other species in the assemblage, assays of assemblage structure
were based on the assemblage excluding red shiners, hereafter
called the residual assemblage. For each residual assemblage, we
assayed the following measures of assemblage structure: species
richness, Shannon-Wiener diversity index, evenness, and com-
plexity (all defined below). We also examined effects of red shiner
abundance on other omnivorous minnows in the assemblage.

We have confidence that our intensive sampling protocol was
more than sufficient to assay relative abundance patterns of red
shiners because Angermeier and Smogor (1995) demonstrated that
relatively small sampling effort is required to accurately reflect
relative abundance of common species in stream fish assemblages,
and that necessary effort varies little among streams. Determina-
tion of species richness in fish assemblages, however, requires
considerably more effort (Angermeier and Smogor 1995). Al-
though our sampling protocol was designed to continue collecting
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Fig. 1 Map of relative abundance of red shiners at 50 sites in the
midwestern USA. Dot size reflects category of abundance. Rela-
tive abundance was divided into five equal categories over the to-
tal range of relative abundance (0.03–0.95)



until no new species were captured, we cannot dismiss the possi-
bility that we missed some extremely rare species. We therefore
used two measures of species richness of residual assemblages:
actual number of species captured at a site (S), and an estimate of
species richness based on rarefaction of all samples to the sample
with the fewest individuals (Gotelli and Graves 1996). Rarefied
estimates of species richness were calculated using EcoSim 
(Gotelli and Entsminger 1997), with 1,000 sampling iterations.
Average species richness of 1,000 rarefied samples was used as
the measure of rarefied species richness (S RARE) at a site.

Diversity (H′) and evenness (E=ln H′/S) of the residual assem-
blages were calculated using PC-ORD (McCune and Mefford
1997).

Complexity of residual assemblages was quantified as the
slope of the regression line of (log) relative abundance on rank
abundance of species in the residual assemblage (Tokeshi 1993).
This measure (hereafter called SLOPE) not only summarizes the
abundance patterns within an assemblage, but has been used as a
measure of assemblage structure in place of more traditional mea-
sures such as species richness or diversity (Tokeshi 1993; Sale
1996). In calculating the abundance profile, species with tied
abundance in a sample were assigned the same average rank score
equal to the sum of rank scores for all species in the tie divided by
the number of species in the tie.

To examine the effects of red shiner abundance on other om-
nivorous minnows, we separated minnows in the residual assem-
blage into two groups: (1) insectivorous-omnivorous water col-
umn minnows (most in the genera Cyprinella, Lythrurus, and Not-
ropis) and (2) herbivorous-omnivorous benthic minnows (most in
the genera Dionda, Pimephales, Hybognathus, Phenacobius, and
Phoxinus). Largely herbivorous (Campostoma) or macrocarnivo-
rous (Semotilus) (Grossman et al. 1982) minnows were not includ-
ed in either group. Separation of minnows in the residual assem-
blage into these groups allowed us to examine potential effects of
red shiner abundance on the abundance of ecologically similar and
potentially redundant (Walker 1992; Lawton and Brown 1993)
species (water column minnows) as distinct from bottom-dwelling
species that feed primarily on attached algae or biofilms (benthic
minnows). Designation of these species was based on diet and
habitat descriptions in Carlander (1969), Miller and Robison
(1973), Pfleiger (1975), Grossman et al. (1982), Robison and 
Buchanan (1988), and on our own extensive observations in the
field.

Characteristics of the stream, adjacent riparian zone, and near-
by landscape were recorded at the time of collection at each site
(Appendix). Historical air temperature and rainfall patterns of the
county in which the site is located were compiled from United
States Department of Agriculture (1941).

Using the environmental data collected in the field, we compiled
an index of habitat complexity using the following categorical 
environmental variables (as defined in the Appendix): AMTSTR,
ALGAE, MACROPHY, SAND, MUD, GRAV, RUB, BEDRK,
R/PVSCH, BW. In addition we transformed the continuous variables
MAXDEP and MAXWID to categorical variables. Four depth cate-
gories (DEPCAT) were established: DEPCAT 1=MAXDEP 0–50 cm;
DEPCAT 2=MAXDEP 51–100 cm; DEPCAT 3=MAXDEP
101–150 cm; DEPCAT 4=MAXDEP 151–200 cm. Six width catego-
ries (WIDCAT) were established: WIDCAT 1=MAXWID 0–5 m;
WIDCAT 2=MAXWID 6–10 m; WIDCAT 3=MAXWID 11–15 m;
WIDCAT 4=MAXWID 20–30 m; WIDCAT 5=40–50 m; WIDCAT
6=MAXWID 100 m (discontinuities reflect actual ranges of stream
widths sampled). Habitat complexity was calculated as the sum of
categorical scores for the 12 variables described above. Habitat com-
plexity thus calculated ranged from 7 to 17 for the 50 sites sampled in
this study.

To examine environmental factors correlated with spatial vari-
ation in both the relative abundance of red shiners and residual as-
semblage structure, we performed a principal components analysis
(PCA) based on a correlation matrix of habitat characteristics (de-
scribed in the Appendix) by site. Site scores on PCA axes were
used as independent variables in multiple linear-regression analys-
es (SPSS 1996) to relate site characteristics to red shiner relative
abundance and residual assemblage structure. PCA was performed

using PC-ORD (McCune and Mefford 1997). Red shiner relative
abundance and residual assemblage structure were also examined
as a function of our index of habitat complexity using least-squar-
es regression (SPSS 1996).

Analyses using relative abundance data were also performed
with data arcsin-transformed (Krebs 1989). Because all results
were nearly identical using untransformed and transformed data,
untransformed data are presented for clarity.

Results

Spatial variation in red shiner relative abundance

C. lutrensis occurred in high relative abundance at sites
throughout the region sampled except in central and west
Texas and at the margin of the Ozark Plateau in eastern
Kansas and western Missouri (Fig. 1). These sites repres-
ent local range margins for red shiners, adjacent to up-
lifted areas of clear, gravel bottom streams (Matthews
1980) where red shiners do not occur.

C. lutrensis ranked first in abundance at 25 of the 50
sites where the species was found, with rank abundance
ranging to as low as 11th at one site (Fig. 2A). At 45 of
the 50 sites, the rank of red shiners was 1–3.

The relative abundance of C. lutrensis in a given as-
semblage ranged from 0.03 to 0.95 among the 50 sites
sampled. Red shiners accounted for at least 30% of indi-
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Fig. 2 Rank (A) and relative abundance (B) of red shiners at 50
sites in the midwestern USA



viduals captured at most sites and for more than half of
all individuals captured at 14 of the 50 sites (Fig. 2B).

Environmental correlates 
of red shiner relative abundance

PCA of site characteristics yielded six significant axes
(broken-stick eigenvalue; McCune and Mefford 1997) that
together explained approximately 60% of the variation in
environmental characteristics measured at the sampled
sites (Table 1). Least-squares multiple regression (SPSS
1996) of red shiner relative abundance at a site on site
scores along the six significant PCA axes was non-signifi-
cant. Thus, no suite of measured environmental factors
provided a “simple” explanation for red shiner abundance
throughout the region. In addition, red shiner relative
abundance was not a function of habitat complexity.

Variation in residual assemblage structure 
as a function of red shiner relative abundance

The number of species (excluding red shiner) collected
at a site ranged from 3 to 29 (mean=10.46, SD=4.66) for

the 50 sites sampled (Fig. 3A). Average rarefied species
richness of the residual assemblage ranged from 2.58 to
11.41 (mean=5.54, SD=1.99). Number of species cap-
tured and average rarefied richness were highly and sig-
nificantly correlated (r=0.798, P<0.001). Neither actual
number of species captured in the residual assemblage
nor average rarefied richness of the residual varied sig-
nificantly as a function of the relative abundance of red
shiners in the entire assemblage (Fig. 3A).

Evenness of species abundances (E) in residual as-
semblages ranged from 0.243 to 0.778 (mean=0.538,
SD=0.144). Variation in evenness was not a function of
red shiner relative abundance in the entire assemblage
(Fig. 3B).

Diversity (H′’) of residual assemblages varied from
0.560 to 2.339 (mean=1.229, SD=0.450) but that varia-
tion was not a function of red shiner relative abundance
in the entire assemblage (Fig. 3C).

The slope of the log abundance versus rank curve
(i.e., complexity) of residual assemblages varied from
–0.683 (least complex) to –0.079 (most complex) with a
mean of –0.277(±0.140). Complexity measured in this
way was not a function of relative abundance of red
shiners in the entire assemblage (Fig. 3D).
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Table 1 Principal components
analysis (PCA) based on a 
correlation matrix of environ-
mental factors listed in the 
Appendix. Eigenvalues, vari-
ance explained, and loadings 
of original variables are given
for six PCA axes significant 
by broken-stick eigenvalue
(McCune and Mefford 1997)

Axis 1 Axis 2 Axis 3 Axis 4 Axis 5 Axis 6

Eigenvalue 4.970 3.494 3.061 2.530 2.206 2.013
Percent variance explained 15.060 10.589 9.275 7.667 6.686 6.101

Loadings of original variables

JANTEMP –0.554 –0.158 0.022 0.073 0.327 0.309
JULYTEMP –0.473 –0.101 0.013 0.176 0.382 0.299
RAINFALL –0.467 0.106 –0.201 –0.095 –0.126 –0.019
REACH 0.215 –0.056 0.111 –0.277 –0.351 0.058
R/PVSCH 0.679 –0.168 –0.249 0.153 –0.064 0.362
BW –0.144 –0.171 0.623 –0.370 –0.051 –0.189
MAXWID 0.227 –0.415 0.503 0.106 –0.420 0.291
MAXDEP 0.267 –0.034 0.677 –0.105 –0.051 0.207
WTEMP –0.120 –0.161 –0.082 0.082 0.155 0.473
TURBID 0.334 0.248 0.167 –0.044 0.513 0.180
MAXCUR –0.343 0.455 0.467 –0.210 –0.116 –0.107
ESTCUR –0.039 0.277 0.699 –0.240 –0.072 –0.074
SAND 0.563 –0.222 –0.267 0.122 –0.373 –0.199
MUD 0.538 0.190 0.179 –0.256 0.511 0.112
GRAV –0.438 0.011 0.296 –0.060 0.181 –0.332
RUB –0.536 –0.126 0.233 0.288 0.047 0.061
BEDRK –0.617 0.131 0.011 –0.059 0.014 0.167
BANKSTAB –0.611 –0.164 0.178 –0.035 –0.006 0.193
ALGAE –0.500 –0.044 –0.337 0.109 –0.093 –0.155
MACROPHY –0.130 –0.479 0.235 –0.230 –0.044 0.018
SHADE –0.424 0.524 –0.236 0.060 0.035 0.156
CANOPY –0.447 0.558 –0.380 –0.282 –0.230 0.205
STROCK –0.661 0.089 0.047 0.227 0.275 –0.179
STWOOD 0.446 0.019 –0.151 –0.585 0.033 –0.014
STCULT 0.180 0.399 0.343 0.046 0.223 0.033
AMTSTR 0.348 0.539 –0.019 –0.332 0.077 0.278
BARESOIL 0.441 0.020 –0.107 0.350 0.188 0.009
HERB –0.178 –0.655 0.180 –0.072 0.203 0.032
SMTREE 0.014 0.362 –0.115 –0.519 0.063 –0.423
LGTREE -0.025 0.602 –0.015 –0.031 –0.397 0.295
NATLU –0.151 0.056 0.082 –0.144 –0.674 0.356
AGLU 0.110 –0.250 –0.402 –0.678 0.076 –0.247
URLU 0.277 0.511 0.150 0.488 0.196 0.130



Relative abundance of water column minnows in resid-
ual assemblages varied from 0 to 0.967 (mean=0.478,
SD=0.306). Relative abundance of the residual assem-
blage by water column minnows was not a function of red
shiner relative abundance in the entire assemblage
(Fig. 4A). Relative abundance of benthic minnows in the
residual assemblage varied from 0 to 0.875 (mean=0.250,
SD=0.216). In contrast to the result for water column min-
nows, relative abundance of benthic minnows in the resid-
ual assemblage was significantly (P<0.05) related to rela-
tive abundance of red shiners (Fig. 4B) such that assem-
blages more dominated by red shiners had relatively larger
numbers of benthic minnows in the residual assemblage.
Variation in red shiner relative abundance explained 9.8%
of the variation in benthic minnow relative abundance.

Relationship of residual assemblage structure 
to environmental characteristics

Suites of environmental characteristics summarized on
PCA axes explained from 9.3 to 11.8% of the variation in
three measures of residual assemblage structure. In each
case, however, the relationship between environment and
residual assemblage structure involved different PCA ax-
es. Average rarefied species richness (S RARE) of residu-
al assemblages was significantly related to PCA axis 1
(Fig. 5) which was correlated (r>0.5) primarily with Jan-
uary temperature, stream morphology, substrate, algae,
and bank stability (Table 1, Fig. 5). S RARE tended to be
greater at sites with higher winter temperatures, riffle
pool morphology, higher bank stability, and rubble and or
bedrock substrate with instream rock structure.

Variation in evenness in abundance of the residual as-
semblage (E) was significantly related to environmental
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Fig. 3 Structure of the residual
assemblage as a function of red
shiner relative abundance in the
entire assemblage. Measure-
ment of residual assemblage
structure used: species richness
(S) (A), evenness of species
abundances (E) (B), species 
diversity (H′) (C), complexity
(Slope) (D). See text for expla-
nation of terms

Fig. 4 Relative abundance of water column (A) and benthic (B)
minnows in the residual assemblage as a function of relative abun-
dance of red shiners in the entire assemblage. Least-squares re-
gression of benthic minnow abundance on red shiner abundance
significant at P<0.05 (R2=0.098)



characteristics that loaded on PCA axis 2 (Table 2,
Fig. 6). These characteristics were primarily related to
the riparian zone and to total amount of instream struc-
ture. Evenness of the residual assemblage tended to be
higher at sites with large trees, higher canopy cover and
shade, and greater amounts of instream structure of all
types (Table 1, Fig. 6). 

Relative abundance of water column minnows in resid-
ual assemblages was significantly related to environmen-
tal characteristics loading on PCA axis 5 (Table 2, Fig. 7).
These included: turbidity, mud substrate, and natural land
use of the surrounding riparian zone (Table 1). Relative
abundance of water column minnows in residual assem-
blages was lower at turbid sites with mud substrate and
higher at sites with natural land use (Table 1, Fig. 7).

Residual assemblage structure was also explained in
part by habitat complexity (Table 2). Both species rich-
ness (S) and complexity of the residual assemblage
(SLOPE) were greater in more complex habitats (Fig. 8),
with variation in habitat complexity accounting for
9–10% of variation in residual assemblage structure.

Discussion

Red shiners have historically been highly abundant in
low-gradient streams of midwestern North America
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Fig. 5 Relationship of average rarefied species richness S (RARE)
in the residual assemblage to environmental PCA axis 1. See text
for explanation of S (RARE) and the Appendix for a description of
environmental characteristics

Fig. 6 Relationship of evenness (E) in the residual assemblage to
environmental PCA axis 2. See text for explanation of E and the
Appendix for description of environmental characteristics

Table 2 Residual assemblage
structure as a function of 
environmental characteristics
summarized by PCA axes 
and as a function of habitat
complexity. Values are R2

values significant at P<0.05 by
multiple linear regression 
(NS not significant)

Residual assemblage structure PCA Habitat 
complexity

1 2 3 4 5 6

S NS NS NS NS NS NS 0.093
S RARE 0.093 NS NS NS NS NS NS
E NS 0.098 NS NS NS NS NS
H′ NS NS NS NS NS NS NS
Slope NS NS NS NS NS NS 0.102
Water column minnows NS NS NS NS 0.118 NS NS
Benthic minnows NS NS NS NS NS NS NS

Fig. 7 Relationship of relative abundance of water column min-
nows in the residual assemblage to environmental PCA axis 5. See
the Appendix for description of environmental characteristics



where they are native (Laser and Carlander 1971; Smith
1979; Matthews 1980; Mayden 1989; Pigg et al. 1997),
and at sites where they have been introduced (Page and
Smith 1970; Smith 1979; Jennings and Saiki 1990; Gido
et al. 1997). Among the sites sampled in this study, all
within the native range, C. lutrensis was the most abun-
dant species at half of the sites, and numerically domi-
nated (accounted for >50% of all individuals captured)
28% of the assemblages.

The relative abundance of red shiners showed no
overall geographic pattern, except an apparent local
range-margin effect in central and west Texas and in
Ozark-margin streams where red shiners were less likely
to dominate assemblages than in other parts of the range.
This unpredictable geographic pattern of red shiner dom-
inance suggests that local rather than biogeographic fac-
tors control local abundance of red shiners.

Despite the suggestion of local control of dominance,
relative abundance of red shiners in an assemblage was
not predictable from the environmental factors measured
in this study or from our measure of habitat complexity.
This is consistent with observations in other studies that
C. lutrensis is tolerant of a wide range of conditions and
occurs across a wide variety of microhabitats (Matthews
and Hill 1979, 1980; Matthews 1985). Although Brown
et al. (1995) suggested that spatial variation in abun-
dance of many species may be attributable to variation in
a few “niche axes,” no such niche axes were easily de-
fined by our data. There may be several reasons for this
lack of correlation. First, we may not have measured

some relevant environmental factors, although these
same factors were informative in explaining a proportion
of overall assemblage composition and emergent struc-
ture in the entire set of 65 midwest fish assemblages
(Marsh-Matthews and Matthews 2000), as well as some
measures of residual assemblage structure in this study.
More likely, the lack of explanation of red shiner abun-
dance patterns by environmental factors reflects the wide
range of conditions tolerated by C. lutrensis (Matthews
1985, 1987; Cross and Collins 1995). C. lutrensis clearly
represents what Brown (1995) called a “jack-of-all-
trades... [and] master of all”.

Spatial variation in relative abundance of red shiners
observed in this study may reflect underlying spatial
variation in some complex suite of environmental char-
acters, environmental extremes, predictability, or even
background temporal variation in population size. Ives
and Klopfer (1997) have demonstrated that apparent pat-
terns of spatial variation in abundance may, in fact, result
from stochastic temporal variation in populations that
show weak density dependence. Although our study was
designed to preclude seasonal differences among collec-
tions (all were taken in early summer), we have no data
on background stochastic variation in sizes of local pop-
ulations within these assemblages. Other Midwest fish
assemblages, however, do exhibit short-term temporal
variation in assemblage composition and relative abun-
dance of species of the order of a 30–50% change be-
tween monthly samples (Taylor et al. 1996; E. Marsh-
Matthews and W.J. Matthews, unpublished data).

Only one component of residual fish assemblage
structure (relative abundance of benthic minnows) was
found to correlate with dominance of red shiners in an
assemblage. This lack of apparent influence by red shin-
ers on most measures of assemblage structure of other
fishes is somewhat surprising because Cross and Collins
(1995, p. 57) noted that, within its native range, C. lut-
rensis is “most numerous where few other kinds of fish
occur”. We found, however, that relative abundance of
red shiners was not correlated with species richness (ei-
ther assayed by direct capture or calculated by rarefac-
tion), evenness, diversity, or complexity of the residual
assemblage. This lack of correlation suggests that C. lut-
rensis has little role in structuring assemblages of other
fishes within its native range. Evans (1989) found a sim-
ilar lack of apparent effect of a numerically dominant
grasshopper species.

The apparently minimal effect of C. lutrensis in na-
tive communities is in sharp contrast to its effects on as-
semblages at sites where it has been introduced. At those
sites, changes in assemblage structure (primarily loss of
native species) have been attributed to competition with
(Greger and Deacon 1988) or predation on larvae by
(Ruppert et al. 1993) red shiners, as well as to hybridiza-
tion between red shiners and closely related species
(Burr and Page 1986; Larimore and Bayley 1996).

Differential effects of red shiner dominance in native
versus introduced situations raises the question of the
role of C. lutrensis in native assemblages. The lack of
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Fig. 8 Relationship of species richness (S) (A) and complexity
(Slope) (B) to habitat complexity. See text for explanation of terms



apparent influence on assemblage structure despite their
overall numerical dominance suggests that within natural
assemblages, competitive and predatory interactions be-
tween C. lutrensis and other assemblage elements are
moderated by local conditions or by coevolved habitat
partitioning or behaviors. Although Brown (1995) has
cautioned that ecologists have overestimated the degree
to which natural assemblages are coevolved, our results
imply that natural communities differ from artificial as-
semblages in the degree to which a single, dominant spe-
cies can influence assemblage structure. The degree of
temporal variation in composition of local midwest fish
assemblages (Matthews and Hill 1980; Taylor et al.
1996) suggests that such assemblages may be more
loosely coevolved than stream assemblages in Ozark up-
lands (Gorman 1992). Nonetheless, the common ele-
ments of those assemblages may have been sufficiently
predictable in presence (if not in abundance) over time
that local biotic interactions have resulted in coevolved
habitat partitioning or behaviors that prevent red shiners
from controlling assemblage structure despite their nu-
merical dominance. The drainage patterns of the Great
Plains have been in present locations since at least the
Pleistocene with little evidence of stream captures (Cross
et al. 1986); thus, local native species have a substantial
history of cooccurrence.

The one significant effect of red shiner abundance
detected in this study was an increase in relative number
of benthic minnows in the residual assemblage with
higher relative abundance of red shiners in the entire as-
semblage. This result does not simply reflect an inverse
relationship between benthic and water column min-
nows in the residual assemblage because relative abun-
dance of water column minnows was not related to red
shiner relative abundance. The positive relationship be-
tween red shiners and benthic, largely herbivorous min-
nows could have several causes. Environmental charac-
teristics conducive to high red shiner abundance could
also favor benthic minnows. Given that neither red shin-
er nor benthic minnow abundance was found to vary as
a function of environmental conditions measured in this
study, we cannot support this explanation with our data.
Alternatively, red shiners may in some way enhance
benthic minnow densities (or vice versa) via indirect bi-
otic effects. Gido and Matthews (in press) suggest that
red shiners affect productivity in artificial stream sys-
tems. At this time, however, the relationship between
red shiner and benthic minnow abundances remains un-
explained.

Within its native range, C. lutrensis dominates assem-
blages but does not appear to control assemblage struc-
ture. Although assemblages dominated by red shiners
tended to have a greater abundance of benthic minnows,
they otherwise did not have fundamentally different
structure than those in which red shiners were in low
numbers. In fact, residual assemblage characteristics
were more readily explained by environmental character-
istics and habitat complexity than by red shiner abun-
dance. However, it is clear that C. lutrensis is a species

that may be “benign” within its native range, but can se-
verely impact assemblages where it is introduced, and
provides yet another example of the need for caution in
the introduction of exotics.
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Appendix Characteristics of local riparian zone
and stream reach recorded for each site

JANTEMP Mean annual January temperature for the county in
which the site is located [taken from United States
Department of Agriculture (1941)]

JULYTEMP Mean annual July temperature for the county in
which the site is located [taken from United States
Department of Agriculture (1941)]

RAINFALL Mean annual rainfall for the county in which the
site is located [taken from United States Depart-
ment of Agriculture (1941)]

REACH Length of stream reach sampled
R/PVSCH Designation of primary morphology of stream

reach sampled as either riffle pool or channel
structure

BW Presence of backwaters
MAXWID Maximum width of stream at the site sampled
MAXDEP Maximum depth of stream at the site sampled
WTEMP Water temperature measured at the time site sam-

pled
TURBID Turbidity; categorized as low, moderate, or high
MAXCUR Current speed (m/s) at the point in sample reach

with the fastest current
ESTCUR Relative overall current in the sample reach; cate-

gorized as none, slow, moderate, or swift
SAND Presence or absence of sand substrate
MUD Presence or absence of mud substrate
GRAV Presence or absence of gravel substrate
RUB Presence or absence of rubble substrate
BEDRK Presence or absence of bedrock substrate
BANKSTAB Bank stability; categorized as low or high
ALGAE Presence or absence of attached algae or floating

mats
MACROPHY Presence or absence of macrophytes
SHADE Categorized as none, partial, or near complete
CANOPY Percent canopy cover estimated at time of collec-

tion
STROCK Presence of large rock structure in stream
STWOOD Presence of large woody debris in stream
STCULT Presence of discarded man-made debris in stream
AMTSTR Relative amount of all types of structure com-

bined; categorized as none, minimal, moderate, or
extensive

BARESOIL Presence or absence of bare soil on stream bank
HERB Presence or absence of herbaceous vegetation on

stream bank
SMTREE Presence or absence of small trees (ca 3 m or less

in height) on stream bank
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LGTREE Presence of absence of large trees (more than 3 m
in height) on stream bank.

NATLU Natural land use; recorded as present if a large por-
tion of riparian zone appeared undisturbed by agri-
cultural use or urban development

AGLU Agricultural land use; recorded as present if land-
scape surrounding riparian zone in use for grazing
or row crops

URLU Urban land use; recorded as present if landscape
surrounding riparian zone developed for housing
or commerce

References

Angermeier PL, Smogor RA (1995) Estimating number of species
and relative abundances in stream-fish communities: effects of
sampling effort and discontinuous spatial distributions. Can J
Fish Aquat Sci 52:936–949

Brown JH (1995) Macroecology. University of Chicago Press,
Chicago

Brown JH, Mehlman DW, Stevens GC (1995) Spatial variation in
abundance. Ecology 76:2028–2043

Burr BM, Page LM (1986) Zoogeography of fishes of the Lower
Ohio-Upper Mississippi basin. In: Hocutt CH, Wiley EO (eds)
The zoogeography of North American freshwater fishes. Wi-
ley, New York, pp 287–324

Carlander KD (1969) Handbook of freshwater fishery biology, vol
1. Iowa State University Press, Ames

Cavin LM (1971) Natural history of the cyprinid fishes Notropis
lutrensis (Baird and Girard) and Notropis camurus (Jordan and
Meek). MS thesis, University of Kansas, Lawrence

Connell JH (1961) The influence of interspecific competition and
other factors on the distribution of the barnacle, Chthamalus
stellatus. Ecology 42:710–723

Conner JV, Suttkus RD (1986) Zoogeography of freshwater fishes
of the western Gulf Slope. In: Hocutt CH, Wiley EO (eds) The
zoogeography of North American freshwater fishes. Wiley,
New York, pp 413–456

Cross FB, Collins JT (1995) Fishes in Kansas, 2nd edn. University
of Kansas Natural History Museum, Lawrence

Cross FB, Mayden RL, Stewart JD (1986) Fishes in the western
Mississippi drainage. In: Hocutt CH, Wiley EO (eds) The zoo-
geography of North American freshwater fishes. Wiley, New
York, pp 363–412

Deacon JE (1988) The endangered woundfin and water manage-
ment in the Virgin River, Utah, Arizona, Nevada. Fisheries
13:18–24

Douglas ME, Marsh PC, Minckley WL (1994) Indigenous fishes
of western North America and the hypothesis of competitive
displacement: Meda fulgida (Cyprinidae) as a case study. Cop-
eia 1994:1–9

Evans EW (1989) Interspecific interactions among phytophagous
insects of tallgrass prairie: an experimental test. Ecology 70:
435–444

Flecker A (1996) Ecosystem engineering by a dominant detritiv-
ore in a diverse tropical stream. Ecology 77:1845–1854

Gido KB, Matthews WJ (in press) Ecosystem effects of water col-
umn minnows in experimental streams. Oecologia

Gido KB, Propst DL, Molles MC Jr (1997) Spatial and temporal
variation of fish communities in secondary channels of the San
Juan River, New Mexico and Utah. Environ Biol Fish 49:
417–434

Gorman OT (1992) Evolutionary ecology and historical ecology:
assembly, structure, and organization of stream fish communi-
ties. In: Mayden RL (ed) Systematics, historical ecology, &
North American freshwater fishes. Stanford University Press,
Stanford, Calif, pp 659–688

Gotelli NJ, Entsminger, GL (1997) EcoSim: null models software
for ecology, version 1.0. Kesey-Bear, Burlington, Vt

Gotelli NJ, Graves, GR (1996) Null models in ecology. Smithson-
ian Institution Press, Washington. DC

Greger PD, Deacon JE (1988) Food partitioning among fishes of
the Virgin River. Copeia 1988:314–323

Grossman GD, Moyle PB, Whittiker JO Jr (1982) Stochasticity in
structural and functional characteristics of an Indiana stream fish
assemblage: a test of community theory. Am Nat 120:423–454

Hubbs CL (1954) Establishment of a forage fish, the red shiner
(Notropis lutrensis), in the Lower Colorado River system. Ca-
lif Game Fish 40:287–294

Ives AR, Klopfer ED (1997) Spatial variation in abundance creat-
ed by stochastic temporal variation. Ecology 78:1907–1913

Jennings MR, Saiki MK (1990) Establishment of red shiner, Not-
ropis lutrensis, in the San Joaquin Valley, California. Calif
Fish Game 76:46–57

Krebs CJ (1989) Ecological methodology. Harper Row, New York
Larimore RW, Bayley PB (1996) The fishes of Champaign Coun-

ty, Illinois, during a century of alterations of a prairie ecosys-
tem. Ill Nat Hist Surv Bull 35:53–183

Laser KD, Carlander KD (1971) Life history of red shiners, Not-
ropis lutrensis, in the Skunk River, Central Iowa. Iowa State J
Sci 45:557–562

Lawton JH, Brown VK (1993) Redundancy in ecosystems. In:
Schulze ED, Mooney HA (eds) Biodiversity and ecosystem
function. Springer, Berlin Heidelberg New York, pp 255–270

Marsh-Matthews E, Matthews WJ (2000) Geographic, terrestrial,
and aquatic factors: which most influence structure of stream
fish assemblages in the midwestern United States? Ecol Fresh-
water Fish 9:9–21

Matthews WJ (1980) Notropis lutrensis. In: Lee DS, Gilbert CR,
Hocutt CH, Jenkins RE, McAllister DE, Stauffer JR Jr (eds)
Atlas of North American freshwater fishes. North Carolina
State Museum of Natural History, Raleigh, p 285

Matthews WJ (1985) Distribution of midwestern fishes on multi-
variate environmental gradients, with emphasis on Notropis
lutrensis. Am Midl Nat 113:22–237

Matthews WJ (1987) Physiochemical tolerance and selectivity of
stream fishes as related to their geographic ranges and local
distributions. In: Matthews WJ, Heins DC (eds) Community
and evolutionary ecology of North American stream fishes.
University of Oklahoma Press, Norman, pp 111–120

Matthews WJ, Hill LG (1979) Influence of physico-chemical fac-
tors on habitat selection by red shiners, Notropis lutrensis
(Pisces: Percidae). Copeia 1979:70–81

Matthews WJ, Hill LG (1980) Habitat partitioning in the fish com-
munity of a southwestern river. Southwest Nat 25:51–66

Matthews WJ, Maness J (1979) Critical thermal maxima, oxygen
tolerances and success of cyprinid fish in a southwestern river.
Southwest Nat 24:374–377

Mayden RL (1989) Phylogenetic studies of North American min-
nows, with emphasis on the genus Cyprinella (Teleostei: Cy-
priniformes). Univ Kans Misc Pub 80

McCune B, Mefford MJ (1997) PC-ORD: multivariate analysis of
ecological data, version 3.0. MjM Software Design, Gleneden
Beach, Ore

Miller RJ, Robison HW (1973) The fishes of Oklahoma. Oklaho-
ma State University Museum of Natural and Cultural History
Series No 1

Minckley WL (1973) Fishes of Arizona. Arizona Game and Fish,
Tempe

Minckley WL (1991) Native fishes of the Grand Canyon: an obitu-
ary? In: Colorado River ecology and dam management: proceed-
ings of a symposium, 24–25 May 1990, Sante Fe, New Mexico.
National Academy Press, Washington, DC, pp 124–177

Minckley WL, Deacon JE (1968) Southwestern fishes and the
enigma of “endangered species.” Science 159:1424–1432

Page LM, Smith RL (1970) Recent range adjustments and hybrid-
ization of Notropis lutrensis and Notropis spilopterus in Illi-
nois. Trans Ill Acad Sci 63:264–272

Paine RT (1974) Intertidal community structure: experimental
studies on the relationship between a dominant competitor and
its principal predator. Oecologia 15:93–120

Pflieger WL (1975) The fishes of Missouri. Missouri Department
of Conservation, Jefferson City, Mo

291



Pigg J, Coleman M, Gibbs R (1997) Temporal and spatial distribu-
tion of cyprinid fishes between 1921 and 1995 in the North
Canadian River drainage, Oklahoma. Proc Okla Acad Sci
77:43–92

Power ME, Matthews WJ, Stewart AJ (1985) Grazing minnows,
piscivorous bass and stream algae: dynamics of a strong inter-
action. Ecology 66:1448–1456

Power ME, Tilman D, Estes JA, Menge BA, Bond WJ, Mills LS,
Daily G, Castilla JC, Lubchenco J, Paine RT (1996) Challeng-
es in the quest for keystones. Bioscience 46:610–620

Robison HW, Buchanan TM (1988) Fishes of Arkansas. The Uni-
versity of Arkansas Press, Fayetteville

Ruppert JB, Muth RT, Nesler TP (1993) Predation on fish larvae
by adult red shiner, Yampa and Green Rivers, Colorado.
Southwest Nat 38:397–399

Sale PF (1996) Structure and dynamics of reef fish communities: a
biogeographical comparison. In: Cody ML, Smallwood JA
(eds) Long-term studies of vertebrate communities. Academic
Press, San Diego, pp 73–97

Smith PW (1979) Fishes of Illinois. University of Illinois Press,
Urbana

SPSS (1996) Base 7.0 for Windows user’s guide. SPSS, Chicago
Symstad AJ, Tilman D, Willson J, Knops JMH (1998) Species

loss and ecosystem functioning: effects of species identity and
community composition. Oikos 81:389–397

Taylor CM, Winston MR, Matthews WJ (1996) Temporal varia-
tion in tributary and mainstem fish assemblages in a Great
Plains stream system. Copeia 1996:280–289

Tokeshi M (1993) Species abundance patterns and community
structure. In: Begon M, Fitter AH (eds) Adv Ecol Res
24:111–186

United States Department of Agriculture (1941) Climate and man.
1941 yearbook of agriculture. House Document No 27. 77th
Congress, 1st Session. US Government Printing Office, Wash-
ington, DC

Walker BH (1992) Biodiversity and ecological redundancy. Con-
serv Biol 6:18–23

292


